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[57] ABSTRACT 
A method for removing low concentrations of soluble 
copper in the form of cupric cation and cuprocyanide 
and cupricyanide anions comprises ?rst adding ferric 
cation, or ferrous cation and a soluble oxidizing agent, 
in an amount in excess of the stoichiometric amount 
required to form the ferric salts of the cuprocyanide and 
cupricyanide anions, and after a predetermined time - 
adding an environmentally acceptable soluble precipi 
tant to precipitate substantially all of the remaining 
excess ferric cation. By this procedure, very small con 
centrations of soluble cupric cation and the ferric salts 
of the cuprocyanide and cupricyanide anions, which are 
typically present in such low concentrations that they 
remain essentially permanently suspended in colloidal 
solution, are removed by the insoluble ferric compound 
which is present in much higher concentrations. 

11 Claims, No Drawings 
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ANIONIC AND CATIONIC REMOVAL OF 
COPPER FROM CY ANIDE-CONTAINING 

WASTEWATER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to the re 

moval of soluble copper from aqueous effluents, and 
more particularly to a method for removing copper and 
copper-cyanide complexes from mining wastewater. 

In conventional gold extraction techniques, a dilute 
aqueous solution of sodium cyanide is added to the 
?nely crushed gold ore and‘ the slurry is aerated to 
dissolve the metallic gold present as soluble aurocya 
nide ion. The aurocyanide ion is then treated with me 
tallic zinc, which precipitates metallic gold. The re 
maining aqueous solution must then be treated to re 
move the extremely toxic cyanide before the solution is 
discharged to the environment. This may be accom 
plished by oxidizing the cyanide with hydrogen perox 
ide in the presence of cationic copper (2-10 ppm). If 
cationic copper is not added the oxidation of cyanide 
ion proceeds too slowly to be industrially practicable. 
While this treatment effectively removes the cyanide to 
very low concentrations, the residual cationic copper 
concentration is too high to be environmentally accept 
able and must be removed prior to discharge. The cop 
per present in the ef?uent after removal of the cyanide 
exists both as the free hydrated copper cation and as a 
copper-containing anionic complex with the cyanide 
ion, typically cuprocyanide [Cu(CN)4]—3 and possibly 
cupricyanide [Cu(CN)4]-2. 

Theoretically, both cationic copper and the copper 
cyanide complexes may be removed from solution by 
precipitation since, under certain obtainable conditions, 
they both form insoluble compounds. In practice, how 
ever, the presence of both species at very low concen 
trations inhibits both the formation of the insoluble 
compounds and their subsequent precipitation. Speci? 
cally, the formation of the insoluble compounds pro 
ceeds extremely slowly in the absence of a large excess 
of the reacting components; and even after the com 
pounds are formed, they are present in such low con 
centrations that they are very slow to coalesce to form 
particles large enough to precipitate. 

Conventional methods employed in chemistry are not 
effective when applied to highly dilute solutions, and 
for this reason ingenious procedures must be sought to 
remove the last traces of cationic and anionic copper 
when these species are present in only a few parts per 
million. It is the purpose of this invention to describe a 
process for removing extremely minute quantities of 
both anionic and cationic copper from solution. 

2. Description of the Prior Art 
US. Pat. No. 4,070,281 to Tagashira, et al., discloses 

the oxidation of cyanide-containing wastewater with 
cationic copper and an ammonium salt, the process 
leaving residual soluble cationic copper which must be 
removed. One method for effecting removal is the addi 
tion of ferrous chloride, iron powder or ferrous sulfate 
to precipitate the copper. US. Pat. No. 3,931,007 to 
Sugano, et al., discloses the addition of hydroxide ion to 
remove various metals, including copper. However, 
only incomplete removal of copper is achieved. Patter 
son, “Wastewater Treatment Technology,” Ann Arbor. 
Science Publishers, Inc., Ann Arbor, Mich. (1976), 
discusses the use of ferrous ion to remove copper under 
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2 
alkaline conditions. Other methods for copper removal 
are discussed in US. Pat. Nos. 3,817,306; 4,054,516; 
4,072,605; 4,172,785; and Japanese Patent No. 85,569 
and Russian Patent No. 528,265. 

SUMMARY OF THE INVENTION 

" The present invention provides a method for remov 
ing very low residual levels of soluble cationic copper 
and copper-cyanide complexes from wastewater prior 
to discharge to the environment. The method comprises 
?rst adding a solution of a compound containing ferric 
ion to the waste water in an amount in excess of the 
stoichiometric quantity required to form the ferric salts 
of the cuprocyanide and cupricyanide ions. While the 
ferric salts of these ions are highly insoluble, they are 
typically present in very low concentrations and require ‘ 
extremely long periods to coalesce and form aggregates 
of particles of suf?cient size to precipitate. Indeed, some 
solutions will never precipitate these ferric salts, as they 
will be present as stable colloidal suspensions of identi 
cally charged particles which, due to their mutual elec 
trical repulsion, will not coalesce. \ 
The present invention overcomes this problem by 

providing a second precipitate at a relatively higher 
concentration, which is able to encapsulate the particles 
of ferric copper cyanide complexes and neutralize their 
electrical charges and thus remove the ferric cuprocya 
nide and ferric cupricyanide. A precipitant is employed 
which reacts with the excess ferric cation as well as any 
free cupric cation present to form insoluble ferric and 
cupric compounds which are able to precipitate. The 
precipitant is typically an environmentally acceptable, 
soluble compound having an anion capable of reacting 
with both the soluble cupric and ferric cations to form 
insoluble compounds. Preferred precipitants include 
hydroxides, bicarbonates, carbonates, sul?des, hydro 
sul?des and the like, ammonium and quaternary hy 
droxides, or any combinations of these anions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention is a two-step method for the 
removal of cupric cation and anionic copper-cyanide 
complexes to very low and environmentally acceptable 
?nal concentrations. The method will ?nd its greatest 
use as the ?nal or “polishing” stage of a multiple-step 
process for removing cyanide ion from wastewater, 
particularly wastewater resulting from cyanide extrac 
tion of gold from gold ore. 

Cyanide-containing wastes may be treated with hy 
drogen peroxide in the presence of cationic copper 
(2-10 ppm) to effect cyanide oxidation to non-toxic 
cyanate (OCN_) ion. This method is described in US. 
Pat. No. 3,617,567, to Owen Mathre, the disclosure of 
which is incorporated herein by reference. While such 
oxidation achieves good and fairly rapid removal of free 
cyanide ion, concurrently with the oxidation reaction, 
the unoxidized cyanide rapidly forms complex anions 
with the copper present, particularly cuprocyanide ion 
[Cu(CN)4,]*—3 and cupricyanide ion [Cu(CN)4]-2. Both 
these anions are highly soluble in the presence of the 
predominant cations in the water, particularly sodium 
and potassium and, moreover, these complex copper 
containing anions are not rapidly oxidized by the hydro 
gen peroxide present. In addition to these soluble cop 
per-containing anions, copper remains in solution as free 
cupric cation in the range from 2 to 10 ppm. As the 
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cyanide is oxidized to cyanate, the copper-containing 
complex cyanide anions slowly dissociate to form free 
cyanide and copper cations once more, so that the per 
sistence of anionic copper-containing complex cyanide 
ions results in a slow increase in the concentration of 
cupric cations as the complex anions dissociate due to 
the aging of the solution. Acceptable levels for the 
discharge of copper are below 0.009 ppm, so that the 
persistance of anionic copper-containing complex cya 
nide ions results in a slow increase in the concentration 
of cupric cations and cyanide anions as the complex 
anions dissociate as the solution ages. 
The present invention is a novel process which forms 

insoluble compounds from both the cupricyanide and 
cuprocyanide anions, as well as the free cupric cation, 
and provides for the removal of these compounds by 
precipitation with a third environmentally acceptable 
compound which is present in quantities in excess over 
those of the copper-containing complex cyanide anions 
and cupric cations present. 
The ?rst step of the method is the addition of ferric 

cation in an amount in excess of the stoichiometric 
amount required to form insoluble ferric compounds of 
the copper-cyanide anions. Such ferric cuprocyanide 
and ferric cupricyanide compounds are highly insoluble 
and will form readily in solution. However, due to the 
very low concentrations typically encountered in min 
ing and other industrial effluents, usually below 1 ppm, 
and frequently below 0.5 ppm, the ferric cuprocyanide 
and ferric cupricyanide compounds will be extremely 
slow to form particles large enough to precipitate from 
the solution. 
To overcome this problem, at a much higher concen 

tration a second insoluble compound is formed the par 
ticles of which rapidly coalesce and precipitate from the 
solution. Such a second insoluble compound is able to 
neutralize the electrical repulsive charges which cover 
the colloidal-sized particles of the highly dilute ferric 
cuprocyanide and ferric cupricyanide compounds, and 
thus bring about their precipitation from solution. 

Speci?cally, the second insoluble compound is 
formed from the excess ferric cation and an environ 
mentally acceptable anion, such as hydroxide, bicarbon 
ate, carbonate, sul?de or hydrosul?de, ammonium or 
quaternary hydroxide, or any combination of these 
anions. The anion is chosen so that it will also form an 
insoluble compound with any remaining cupric cation 
in the solution, and the complex copper-cyanide anions 
and free cupric cation are simultaneously and substan 
tially completely removed from the effluent solution. 
The ferric cation may be conveniently added as a 

soluble ferric salt or as a soluble ferrous salt, the ferrous 
ion being later oxidized to the ferric state. Useful ferric 
salts include ferric chloride and ferric sulfate. Ferrous 
sulfate may be added and oxidized in the presence of an 
oxidizing agent such as hydrogen peroxide, sodium 
hypochlorite and the like. 
The ferric cation should be added in a concentration 

well in excess of the stoichiometric amount required to 
react with the cuprocyanide and cupricyanide anions, 
and the cupric cation if present. Typically the amount 
will be at least ?ve times the stoichiometric amount, 
more typically ten times and greater. The concentration 
of cuprocyanide and cupricyanide anions remaining in 
the ef?uent after oxidation of the free cyanide ion with 
hydrogen peroxide will usually be in the range from.0.l 
to 1 ppm, and the added ferric cation concentration will 
usually be 5 ppm and above. 
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4 
When adding ferric cation, it is necessary that the pH 

be maintained below about 5 in order to prevent the 
immediate formation and precipitation of ferric hydrox 
ide. The immediate precipitation of ferric hydroxide is 
undesirable as it inhibits the formation of the ferric 
cuprocyanide and ferric cuprocyanide salts as the ferric 
hydroxide will be formed substantially immediately 
upon addition. 

After addition of the ferric cation to a stirred and well 
mixed solution, it is necessary to wait a sufficient period 
for the formation of the ferric cuprocyanide and cu 
pricyanide salts. Generally, a lower concentration of 
the cuprocyanide and cupricyanide requires a longer 
delay before proceeding with the next step. Usually a 
delay of one minute will be suf?cient, with a delay of 
two to three minutes being preferred to be ‘assured of 
substantially complete formation of the salts. 

After waiting the requisite period, a precipitant is 
added to cause the excess ferric cation to precipitate. 
Several precipitants are suitable, with various soluble 
hydroxides, carbonates, sul?des and hydrosul?des 
being preferred. Speci?c precipitants include sodium 
hydroxide, potassium hydroxide, calcium hydroxide, 
sodium bicarbonate, sodium carbonate, potassium bicar 
bonate, potassium carbonate, sodium sul?de, potassium 
sul?de, calcium sul?de, and analogous compounds of 
other metals of Groups I and II of the Periodic Table of 
the elements. Since the precipitant will be added in 
excess, it is necessary that the precipitant be environ 
mentally acceptable as it will often be discharged di 
rectly to the environment. 
The preferred method for precipitating the ferric 

cation is adjusting the pH to about 7 and above, causing 
the formation of ferric hydroxide. In addition, the re 
maining free cupric cation forms cupric hydroxide, 
which is also precipitated. Formation of the insoluble 
hydroxides occurs substantially immediately, and the 
precipitates are present at suf?ciently high concentra 
tions to form aggregates which will settle out from the 
ef?uent if it is allowed to remain still. It will sometimes 
be desirable to add flocculents to accelerate the forma 
tion of the aggregates, although the addition of ?occu 
lents is not mandatory. ' 

EXPERIMENTAL RESULTS 

The following experiments were performed on cyani 
dation ef?uent water having the following average 
analysis: 

ppm 

Total CN 20.5 
Free CN 2.5 
Cu+2 4.5 
Fe+3 0.65 
Ni+2 0.30 

In each of the experiments, solutions of ferrous sul 
fate, ferric sulfate, ferric chloride and hydrogen perox 
ide were prepared as required and used promptly, to 
minimize inaccuracies due to decomposition of the solu 
tions on standing. Cyanide and metals analyses were 
carried out immediately upon completion of each exper 
imental series. Total cyanide values were determined by 
the standard re?ux method, using orthophosphoric acid 
(H3PO4) except for Experiments 4, 5 and 6, wherein 
sulfuric acid was used. Free cyanide values (including 
free cyanide ion originally present and cyanide ion lib 
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erated by the decomposition of unstable or readily dis 
sociable cyanide complexes of metals) were determined 
by adjusting the pH of the solution to 4.0 by means of 
acetic acid and sodium acetate, then heating the solution 
at re?ux and distilling the gaseous hydrogen cyanide 
into a standard base solution in which the hydrogen 
cyanide was trapped as non-volatile sodium cyanide. 

Experiment 1 
Ef?uent water (400 ml) and deionized water (600 ml) 

were placed in a 1 liter beaker. The pH of the mixture 
was 7.2, and the temperature was 22° C. Free cyanide 
ion (CN— as KCN) was added to give a free cyanide 
concentration of 4.55 ppm, and a total cyanide concen 
tration of 7.75 ppm. Hydrogen peroxide as added to 
give a peroxide concentration of 100 ppm, and cupric 
sulfate was added to give a cupric cation concentration 
of 10 ppm. The pH of the solution was immediately 
adjusted to 9.1 (from an initial value of 6.6) by dropwise 
addition of 0.5 N sodium hydroxide. The solution was 
very gently stirred for 2 hours, the pH being monitored 
continuously and maintained between 9.0 and 9.1 
throughout the entire peroxide treatment. The ?nal 
temperature was 23° C., and the solution contained a 
suspension of ?nely divided greenish-brown particles. 

Ferrous sulfate was then added to give a ferrous 
cation concentration of 20 ppm, and then hydrogen 
peroxide was immediately added to give a peroxide 
concentration of 30 ppm. Super?oc® 127 (American 
Cyanamid) was added, and the supernatant solution 
obtained after 3 minutes was analyzed. The solution was 
then adjusted to pH 8.0 with saturated calcium hydrox 
ide, allowed to stand unstirred for 30 minutes, then 
?ltered through a double thickness of Whatman No. 42 
?lter paper (very ?ne-pore). The ?ltrate, at pH 7.1 and 
23° C., was immediately analyzed. All experiments 
were carriedv'out in quintuplicate. The results are sum 
marized in Table 1, below. All values are the average 
for ?ve duplicate analyses. 

TABLE 1 
Analyses(ppm) 

After FeSO4 After % 
Initial Addition Adjusting pH Removal 

Total CN 7.75 0.047 99.4 
Free CN 205 _ 0.045 97.8 
Cu+2 2.00 11 6 <0.02 >993 '1 
Fe+3 0.33 8.16 <0.02 >999 
Ni+2 0.20 0.16 <0.0s >7s.o 

Experiment 2 

Effluent water (400 ml) and deionized water (600 ml) 
were placed in a 1 liter beaker. The pH of the mixture 
was 7.3, and the temperature was 23° C. Free cyanide 
(CN- as KCN) was added to give a free cyanide con 
centration of 4.55 ppm, and a total cyanide concentra 
tion of 7.75 ppm. Hydrogen peroxide was added to give 
a peroxide ‘concentration of 100 ppm. Cupric sulfate 
was added to give a cupric cation concentration of 10 
ppm. The pH was immediately adjusted to‘9.1 (from 
6.6) by the addition of 0.5 N sodium hydroxide. The 
solution was very gently stirred for 2 hours, with con 
tinuous monitoring of the pH to maintain it at 9.1. The 
?nal temperature was 24° C., and the solution contained 
a suspension of ?nely divided greenish-brown particles. 

Ferric chloride was then added to give a ferric cation 
concentration of 20 ppm. The pH fell to 4.2. Super 
?oc ® 127 was immediately added; and, after 3 minutes, 
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6 
the supernatant solution was decanted and analyzed. 
The pH of the mixture was adjusted to 8.0 by the addi 
tion of a saturated solution of calcium hydroxide, then 
allowed to remain, unstirred, for 30 minutes before 
?ltering through a double layer of Whatman No. 42 
?lter paper. The ?ltrate, of pH 7.3 at 24° C., was imme 
diately analyzed. Experiments were conducted in quin 
tuplicate. The average results are given in Table 2. 

TABLE 2 
’ Analyses(ppm) 

After FeCl3 After pH % 
. ~ Initial Addition Adjustment Removal 

Total ON 7.75 - 0.074 99.1 

Free CN 2.05 — <0.02 >99.0 
Cu+2 2.00 . 11.2 <0.02 >99.s 
Fe+3 0.33 8.1 <0.02 >999 
191+2 0.20 0.12 <_0.05 >75 

‘ Experiment 3 

Ef?uent water (400 n11) and deionized water (600 ml) 
were placed in a 1 liter beaker. The pH of the mixture 
was 7.2 and the temperature was 23° C. Free cyanide 
(CNf as KCN) was added to give a free cyanide con 
centration of 4.55 ppm and a total cyanide concentra 
tion of 7.75 ppm.1Hydrogen peroxide was added to give 
a peroxide concentration of 100 ppm and cupric sulfate 
was added to give a cupric cation concentration of 10 
ppm. The pH of the solution was adjusted to 9.1 (from 
an initial value of 6.6) by dropwise addition of 0.5 N 
sodium hydroxide. The solution was very gently stirred 
for 2 hours, the pH being monitored continuously and 
maintained between 9.0 and 9.1. The ?nal temperature 
was 24° C. Ferric sulfate was then addedto give a ferric 
cation concentration of 20 ppm, and Super?oc® 127 
was also added. After standing unstirred for 3 minutes, ' 
the supernatant solution was decanted and analyzed. 
The remaining solution was adjusted to pH 8.0, by the 
addition of saturated calcium hydroxide, then allowed 
to remain, unstirred, for 30 minutes before ?ltering 
through a double layer of Whatman No. 42 ?lter paper. 
The ?ltrate of pH 7.4, at 23° C., was immediately ana 
lyzed, and the results are summarized in Table 3. All 
values are the average for ?ve duplicate analyses. All 
experiments were carried out in quintuplicate. 

TABLE 3 
Analysesuwm) 

After 
Fe2(SO4)3 After pH % 

Initial Addition Adjustment Removal 

Total CN 7.75 - 0.072 99.1 
Free CN 2.05 - 0.034 90.3 
cu+2 2.00 11.4 0.05 99.6 
Fe+3 0.33 8.6 <0.02 >999 
N1+2 0.20 0.13 <0.0s >7s.o 

Experiment 4 

Ef?uent water (1 liter), pH 7.1 at 22° C., was “spiked” 
with 10 ppm cyanide ion (CN- as KCN) to give a free 
cyanide concentration of 14.23 ppm. Hydrogen perox 
ide was then added to give a peroxide concentration of 
100 ppm and cupric sulfate was added to give a cupric 
cation concentration of 10 ppm. The pH of the solution 
wasimmediately adjusted to 9.1 (from an initial value of 
6.4) by the dropwise addition of 0.5 N sodium hydrox 
ide. The solution was very gently stirred for 2 hours, the 
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pH being monitored continuously and maintained be-‘ 
tween 9.0 and 9.1 throughout the entire 2-hour ‘perox 
ide/ copper treatment. The ?nal temperature was 23° C., 
and the solution contained a suspension of ?nely di 
vided greenish-brown particles. ' 5 

Ferrous sulfate was then added ‘to give a ferrous .. 
cation concentration of 20 ppm. Hydrogen peroxide 
was immediately added to give a peroxide concentra 
tion of 30 ppm. Superfloc® 127 was added and the 
solution adjusted to pH 7.0 by the addition of saturated 
calcium hydroxide. The mixture was allowed to stand, 
unstirred, for 30 minutes, then ?ltered through a double 
layer of Whatman No. 42 ?lter paper. The ?ltrate was 
immediately analyzed. Experiments were carried out in 
triplicate. The average results are given in Table 4. 15 

TABLE 4 
Analyses(ppm) 

After pH % 
Initial Adjustment Removal _ 20 

‘ Free CN 14.25 2.4 83.2 

Cu+2 4.68 1.3v 91.1 
Fe” 1.4 <o.o2 100.0 
Ni+2 0.3 <o.os <83.3 

25 

Experiment 5 
To ef?uent water treated with hydrogen peroxide, 

cupric sulfate and sodium hydroxide as in Experiment 4 
was added ferric chloride to a ferric cation concentra 
tion of 0.20 ppm. After adding Super?oc @127, the pH 
was adjusted to 7.0 by the addition of calcium hydrox 
ide. The mixture was allowed to stand unstirred for 30 
minutes then ?ltered through a double layer of What 
man No. 42 ?lter paper. The ?ltrate was immediately 
analyzed (in triplicate) and the average results are given 

30 

35 

was added ferric sulfate to a ?nal ferric cation concen 
tration of 20 ppm. After addition of Super?oc ® 127, 
the pH was adjusted to 7.0. The mixture was allowed to 
stand unstirred for 30 minutes then it was ?ltered 
through a double layer of Whatman No. 42 ?lter paper. 
The ?ltrate was immediately analyzed (in triplicate) and 
the average results are summarized in Table 6. 

in Table 5. 

TABLE 5 

Analyses(ppm) 40 
After pH %v 

Initial Adjustment Removal 

Free CN 14.25 2.5 82.5 
cu+2 4.68 2.07 35.9 
Fe"'3 1.4 <o.o2 100.0 
Ni‘*'2 0.3 0.21 30 45 

Experiment 6 
To effluent water treated as in Experiments 4 and 5 50 

TABLE 6 
Analyses (ppm) _ 

After pH ' % 60 
Initial Adjustment Removal 

Free CN 14.25 2.17 84.8‘ 
cu+2 4.68 2.1 85.1‘ 
1=¢+3 1.4 <02 100.0 
Ni+2 0.3 50 0.15 65 

The results of the experiments are summarized in 
Table 7. 

TABLE 7 

, Percent Percent Percent Percent 
Precipitatirrg Free CN Cu + 2 Fe + 2 Ni + 2 
Reagent Removed Removed Removed Removed 

FeSO4/H2O2 97.8 >993 100.0 75.0 
FeCl3 ' 99.0 >99.8 100.0 75.0 

98.3 99.6 100.0 75.0 

These data indicate that soluble copper in the form of 
free cupric cation and cupricyanide and cuprocyanide 
anions may be removed from wastewater to levels of 
0.02 ppm and below (0.02 ppm is the lower limit for the 
accurate determination of copper by the atomic absorp 
tion spectrophotometer employed in this study) by a 
two-step method wherein the wastewater is ?rst treated 
with excess ferric ion and after a predetermined period, 
the pH is adjusted to about 8 to precipitate substantially 
all soluble copper present. 
Although the foregoing invention has been described 

in some detail by way of illustration andv example for 
purposes of clarity of understanding, it will be obvious 
that certain changes and modi?cations may be practiced 
within the scope of the appended claims. 
What is claimed is: 
1. A method for removing residual copper from cya 

nide-containing wastewater wherein the copper exists 
at least in part as cuprocyanide and cupricyanide an 
ions, said method comprising: 

adding ferric cation to the water in an amount equal 
to at least ?ve times the stoichiometric amount 
required to form the ferric salts of the cuprocya 
nide and cupricyanide anions while maintaining the 
pH of the wastewater below about 5; and 

after waiting atleast one minute to allow suf?cient 
time for said ferric cuprocyanide and ferric cu 
pricyanide salts to form, adding a soluble precipi 
tant which reacts to precipitate substantially all of 
the remaining excess ferric cation as well as the free 
cupric cation, whereby the ferric cuprocyanide 
and cupricyanide are removed by co-precipitation. 

2. In a process for removing cyanide from wastewa 
ter, said method involving the addition of a soluble 
cupric compound which results in the formation of 
residual cupric cation and copper-cyanide anionic com 
plexes, a method for removing said residual cupric cat 
ion and copper-cyanide anionic complexes, said method 
comprising: 

adding ferric cation to the water in an amount equal 
to at least ?ve times the stoichiometric amount 
required to form the ferric salts of the cuprocya 
nide and cupricyanide anions while maintaining the 
pH of the wastewater below about 5; and 

after waiting at least one minute to allow suf?cient 
time‘ for said ferric cuprocyanide and ferric cu 
pricyanide salts to form, adding a soluble precipi 
tant which reacts to precipitate substantially all of 
the remaining excess ferric cation as well as the free 
cupric cation, whereby the ferric‘ cuprocyanide 
and cupricyanide are removedby co-precipitation. 

3_. A method for treating wastewater to remove free 
cyanide, said'method comprising: 

oxidizing the cyanide ion in the presence’of cupric 
cation to cyanate ion, said oxidation leaving a re 
sidual level of soluble cationic copper and anionic 
copper-cyanide complexes; f ‘ ' 

adding ferric cation to the'water in an amount equal 
to at least'?ve times the stoichiometric amount 
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required to form the ferric salts of the cuprocya 
nide and cupricyanide anions while maintaining the 
pH of the water below about 5; and 

after waiting at least one minute to allow suf?cient 
time for said ferric cuprocyanide and ferric cu 
pricyanide salts to form, adding a soluble precipi 
tant which reacts to precipitate substantially all of 
the remaining excess ferric cation, as well as the 
free cupric cation, whereby the ferric cuprocya 
nide and cupricyanide are removed by co-precipi 
tation. 

4. A method as in claims 1, 2 or 3, wherein the ferric 
cation is added as ferrous cation which is substantially 
immediately oxidized to the ferric state. 

5. A method as in claims 1, 2 or 3, wherein the ferric 
cation is added as an environmentally acceptable, solu 
ble ferric salt. 

6. A method as in claim 5, wherein the ferric salt is 
selected from the group comprising ferric chloride and 
ferric sulfate, or a mixture thereof. 

7. A method as in claims 1, 2 or 3, wherein the precip 
itant is added in at least ?ve times the stoichiometric 
amount. 

8. A method as in claims 1, 2 or 3, wherein the precip 
itant is- selected from the group comprising sodium 
hydroxide, potassium hydroxide, calcium hydroxide, 
sodium bicarbonate, sodium carbonate, potassium bicar 
bonate, potassium carbonate, sodium sul?de, potassium 
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10 
sul?de, calcium sul?de, and analogous compounds of 
other metals of Groups I and II of the Periodic Table of 
the elements. 

9. A method for removing residual copper from cya 
nide-containing water wherein the copper exists at least 
in part as a cupric cation and a copper-cyanide anionic 
complex, said method comprising: 

adding ferric cation to the water in a concentration of 
at least 5 ppm while maintaining the pH below 
about 5 to form insoluble ferric cuprocyanide and 
ferric cupricyanide salts; and _ 

after waiting at least one minute to allow sufficient 
time for the insoluble salts to form, adjusting the 
pH of the water to above about 7 to precipitate the 
excess ferric cation as ferric hydroxide which acts 
to remove the insoluble cuprocyanide and cu 
pricyanide salts by co-precipitation. 

10. A method as in claim 9, wherein the ferric cation 
is added as ferrous cation and oxidized to the ferric‘s'tate 
in solution. 

11. A method as in claim 9, wherein the pH is ad 
justed to above about 7 by the addition of sodium hy 
droxide, calcium hydroxide, potassium hydroxide, or 
the hydroxides of metals of Groups I and II of the Peri 
odic Table of the elements, or with ammonium hydrox 
ide or quaternary ammonium hydroxides. 

* * i * * 


